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Description
BACKGROUND OF THE INVENTION

Controlling the release of such active ingredients
as pharmaceuticals, fragrances, insecticides, and
other agricultural chemicals has proven to be ex-
tremely useful for providing valuable advantages over
conventional products. Such advantages include lon-
ger durations of efficacy, decreased toxicity, and
more flexibility and convenience in handling and ap-
plication. Control of the release of active ingredients
has been achieved by diffusion through membranes,
diffusion through pores, osmotic pumping, erodible
polymers, mechanical fracture, electrical energy, and
other means appropriate for specific applications.

For applications in which it is desirable or neces-
sary for the active ingredient to be sprayed or distrib-
uted in particulate or liquid-suspension form, control-
led-release microcapsules, granules, and porous par-
ticles have been developed. Many different types of
microencapsulation processes have been developed,
as described for example in Nixon, "Microencapsula-
tion" (1976). Microencapsulation, however, involves
polymerizing or solidifying a polymeric shell around a
core of the active ingredient, and the active ingredient
is therefore present during the entire process. Al-
though this is not a problem with many active ingre-
dients, some are degraded or otherwise affected by
the processing conditions, and not all of the active in-
gredient is microencapsulated, due to solubility in the
liquid phases present or to inefficiency in the process
itself. Due to interactions between the active ingre-
dient and the polymer, solvent, or other chemicals,
the range of active ingredients, as well as polymer, is
limited. In addition, solvents, reactants, or other ingre-
dients used in microencapsulation processes may re-
main in the microcapsules with the active ingredient,
which may cause toxicity or further degradation prob-
lems. Washing the microcapsules to remove contam-
inants is usually not practical, because some of the
active ingredient will be lost as well. Additional prob-
lems with microcapsules include a limitation on size
(usually to smaller than about 200 microns in diame-
ter), a limitation on strength, and a limitation on con-
tent of active ingredient, especially in combination
with high strength.

Porous granules or particles to provide controlled
release are also known. Such porous particles can be
made in the absence of active ingredient, thus elim-
inating problems related to interactions between the
active ingredient and particle materials, and enabling
the particles to be extracted or cleaned, if necessary,
prior to loading with active ingredient. However, un-
less the pore sizes are small, the active ingredient is
typically released too rapidly to be useful. In addition,
it is typically released by desorption, evaporation, or
by leaching, all of which are dependent on the envir-
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onment of use. For example, in U.S. Patent No.
4,111,684, there are disclosed porous cellulosic par-
ticles subsequently loaded with herbicides that must
be water-leachable.

Other examples of microporous cellulosic partic-
les are disclosed in U.S. Patent Nos. 3,985,298 and
3,846,404. These particles shrink upon drying, and
must therefore be loaded by a complicated process of
diffusive exchange of the water initially present with
the active ingredient desired, taking care to avoid dry-
ing. In a further example of microporous particles of
controlled release, U.S. Patent No. 3,639,306 disclo-
ses the preparation of active ingredient-encapsulat-
ing particles having a finely porous skin on the sur-
face and a substantially hollow interior containing the
active ingredient. Although such active ingredient-en-
capsulating particles are stated to be useful for slow
release of active ingredient, due to depletion of active
ingredient in the reservoir over time and the conse-
quent decrease in active ingredient-releasing surface
area, the rate of release of active ingredient decreas-
es with time, rather than being constant.

In summary, there is a need in the art for high
strength sprayable granules or particles that can be
prepared independently of loading with active ingre-
dient, and that can release active ingredient at a con-
stant rate over a prolonged period of time.

SUMMARY OF THE INVENTION

It has been discovered that asymmetric micropor-
ous beads of the type used for preventing the loss of
ion-exchange materials in connection with the extrac-
tion of ions, disclosed in U.S. Patent No. 4,515,906,
are surprisingly useful in dispensing active ingre-
dients. In carrying out the present invention, asym-
metric microporous beads or microporous beads hav-
ing an anisotropic pore structure are provided that
may be prepared prior to loading them with active in-
gredient, that may contain up to 90% active ingre-
dient, and that may release essentially all of the ac-
tive ingredient at a constant rate over long periods of
time. These advantages are realized due to the struc-
ture of the microporous beads, which comprises a
continuous gradation of pore sizes from very small
pores near the surface to very large pores in the in-
terior of the bead.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a scanning electron photomicro-
graph of a cross-section of a bead of the present in-
vention.

FIG. 2 is a graph showing the results of field tests
of the beads of the present invention loaded with an
insect pheromone.

FIGS. 3 and 4 are graphs showing rates of re-
lease over time of various active ingredients by the
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beads of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

At least in preferred embodiments, the beads of
the present invention are made of film-forming poly-
mers, they have a generally spherical shape with di-
ameters ranging from 5 microns to 5 mm, and they
have a unique, continuously-gradated asymmetric mi-
croporous structure, with small pores near the sur-
face and progressively larger pores toward the inter-
ior core. They are typically loaded with active ingre-
dient following preparation of the beads, and the ac-
tive ingredient is released at a slow and substantially
constant rate over an extended period of time.

Polymers useful for preparation of the beads of
the present invention include polycarbonates, poly-
sulfones, polyamides, polyurethanes, acrylic resins,
polyvinyl chloride, polyvinyl fluoride, polyacrylonitrile,
polystyrene, polyolefins, polyvinylidene chloride,
polyvinylidene fluoride, polyethyleneterephthalate,
polybutyleneterephthalate, cellulose acetate and
other cellulosic esters, polyimides, polyacetals, poly-
vinylacetate, polyphenyleneoxide, polyetherimides,
ethylenevinylalcohols, and derivatives and copoly-
mers of the above. Useful polymers must be soluble
in a suitable solvent and insoluble in a liquid that is
miscible with the solvent. Typical polymer concentra-
tions in the polymer solution are from 50 to 300 g/L.
Solvents useful in the present invention must dissolve
the polymer and be miscible with the liquid, typically
water, used for precipitation.

The key to achieving the characteristic continu-
ously-gradated asymmetric pore structure of the
beads of the present invention is keeping the rate of
solvent exchange with the liquid of the precipitation
bath slow following a rapid initial precipitation that
forms the "skin" layer. Typically, such solvent ex-
change takes more than an hour to complete, de-
pending on the size of the beads. In order to retard
the rate of solvent exchange, solvent may be added
to the precipitation bath in an amount that still allows
the beads to initially precipitate rapidly in the bath;
suitable amounts range from 5 to 20 wt%.

Another method of retarding the rate of solvent
exchange sufficiently to permit the continuously-gra-
dated pore structure is to use high-viscosity polymer
solutions which slow the rates of diffusion of both the
solvent out of the bead and the precipitation bath lig-
uid into the bead. Suitable viscosities, depending
upon the polymer, solvent, and precipitation bath
used, vary from 500 to about 2000 cps; generally it
may be said that the viscosity of the polymer solution
must be =500 cps to achieve the continuously-gra-
dated asymmetric pore structure of the beads of the
present invention. In fact, such high-viscosity solu-
tions can enable beads with the desired asymmetric
structure to be formed without the use of solvents in
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the precipitation bath, which simplifies manufacture
and solvent recovery.

Athird method of achieving the initial rapid "skin"-
forming precipitation, followed by the slower rate of
solvent exchange (or precipitation), is to heat the
polymer solution to lower its viscosity to the proper
range which simultaneously permits the solution to
dissolve more polymer to the point of super-satura-
tion. Both the temperature differential and the super-
saturated concentration of polymer contribute to a
more rapid rate of precipitation at the finely porous
skin layer of the forming bead when the droplet of
polymer solution is dispersed in the precipitation
bath. The formation of the finely porous skin layer
tends to create a barrier between the bath and the in-
terior of the bead, the barrier becoming thicker over
time, thus slowing down the rate of heat and mass
transfer between the polymer/solvent droplet and the
bath; this in turn gradually slows the rate of precipi-
tation at the interior of the bead, with the center of the
bead precipitating the most slowly.

In order to achieve the continuously-gradated
pore structure of the beads of the present invention,
the polymer, its solvent, and the precipitation bath
must all be specified. Examples of polymer/solvent
bath combinations that result in asymmetric micro-
porous beads of the invention include: polysulfone/di-
methylformamide/water, polyvinylidenefluoride/di-
methylformamide/water-dimethylformamide; polyvi-
nylchloride/dimethylformamide/water-dimethylform
amide; polyurethane/dimethylformamide/water; and
cellulose acetate/dichloromethane-dimethylforma-
mide/water.

The beads of the present invention may be pre-
pared by first dissolving the polymer in a solvent or
solvent mixture, then spraying droplets of the solution
thus formed into a stirred precipitation bath contain-
ing a liquid, typically water, that is miscible with the
solvent, allowing the precipitated beads to remain in
the bath until substantially all of the solvent has been
removed or exchanged, and then collecting the
beads and drying them, if desired.

The beads can then be loaded with an active in-
gredient or mixture of ingredients in either liquid or
solid form. Loading with liquid active ingredient is
conveniently accomplished by submersing dry beads
in the liquid, and either drawing a vacuum on the sol-
ution or pressurizing the solution to force the liquid
into the interior continuously-gradated porous struc-
ture of the beads. This process of loading the beads
with active ingredient following preparation of the
beads avoids contact of the active ingredient with the
solvent or with the precipitating liquid, a typical prior
art procedure, which greatly reduces loss of the ac-
tive ingredient into those liquids. Alternatively, if the
active ingredient is substantially insoluble in the pre-
cipitating liquid, the active ingredient can be added to
the polymer solution before spraying into the precip-
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itating bath. This alternative method of loading is
most useful for solid active ingredients with low solu-
bilities in the solvent and precipitating liquid. Loading
methods are explained in greater detail below.

The polymer solution must have a sufficiently low
viscosity to enable spraying or dripping the solution
outof a nozzle. This is generally a viscosity lower than
4000 cps, and preferably lower than about 2000 cps.
At the same time, as previously mentioned, it must
also have a sufficiently high viscosity to retard the
rate of solvent exchange so as to permit the pores to
be continuously gradated from small pores at the sur-
face to large pores in the interior. The range of viscos-
ities meeting both of these requirements is 500-2000
cps. Viscosities lower than 500 cps usually result in
undesired substantially hollow bead interiors, wherein
the transition between the micropores at the surface
and the macropores in the interior is sudden rather
than continuous, taking place within a micron or less
of geometric space. High viscosity polymer solutions
enable the asymmetric structure to be obtained with
less, or no, solvent in the precipitation bath, which
simplifies the production process.

To aid in adjusting the pore structure of the asym-
metric microporous beads of the present invention,
the polymer solution optionally may contain a liquid
nonsolvent for the polymer, in sufficient quantities (0
to 60 wt%) that the polymer does not begin to precip-
itate, but remains completely dissolved prior to spray-
ing. Such nonsolvent can increase the porosity of the
interior of the bead as well as facilitate the character-
istic continuous gradation of pore sizes from the inter-
ior to the surface. Examples of suitable nonsolvents
include water, alcohols such as ethanol, n-propanol
and 2-methoxyethanol, glycerol, and acetone for the
preferred case of an organic solvent and an aqueous
precipitation bath.

Preferably, droplets of polymer solution are
formed by spraying the solution through a nozzle into
a precipitation bath. The nozzle may be a single-fluid
nozzle of an airless design, or a two-fluid nozzle with
either air stripping or external mixing. Air stripping
nozzles are generally preferred, since they facilitate
good control of the bead size distribution. Beads thus
produced are generally from 5 microns to 2 mm in di-
ameter, depending on air and solution pressure, tem-
perature, viscosity, and external air flow. The precip-
itation bath contains a liquid that is miscible with the
solvent and that is a nonsolvent for the polymer. It
may also include one or more surfactants that assist
in producing beads of a spherical shape and having
a more uniform pore structure. The precipitation bath
may also contain a solvent for the polymer, so long as
it is present in sufficient quantity, typically 5 to 50
wt%, that the polymer still precipitates in the bath. As
mentioned above, inclusion of such a solvent slows
precipitation of the beads, resulting in reproducible
continuously-gradated pores from large pores in the
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interior to small ones at the suface.

An alternative method, especially useful for pro-
ducing large beads, is to allow the polymer solution to
simply drip out of the nozzle into the precipitation
bath. Depending on the nozzle size, the solution sur-
face tension and the viscosity, beads of from 2 to 5
mm in diameter can be produced in this manner. An-
other method of production is to allow the polymer
solution to drip out of the nozzle, and impinge an air
stream onto the droplets at the nozzle or as they fall
into the precipitation bath, creating beads from about
40 microns to about 2 mm in diameter.

Still another method of preparing beads of the
present invention is to spray droplets of a polymer sol-
ution containing at least one nonsolvent liquid into an
air chamber without the use of a liquid precipitation
bath. In this case, the solvent must be sufficiently vol-
atile that it evaporates from the droplet in the air
chamber, causing the polymer droplet to precipitate
mid-air. The polymer precipitates around microdrop-
lets of the nonsolvent, resulting in a microporous
structure, as in the case when a precipitation bath is
used. The rapid evaporation of the solvent at the sur-
face of the droplet results in very small pores at the
surface, with progressively larger pores toward the
core. The nonsolvent must be less volatile than the
solvent, but should be miscible with the polymer sol-
ution in the quantities used, and may be volatile, so
that it can be evaporated from the beads following
production. Alternatively, the nonsolvent may be re-
moved from the beads by leaching into another mis-
cible, volatile liquid that is then removed by evapora-
tion. A different alternative, especially useful when
the active ingredient has the appropriate nonsolvent
properties mentioned above, is to use the active in-
gredient, or a solution of the active ingredient, as the
nonsolvent. In this case, essentially all of the active
ingredient remains in the beads following production,
eliminating the need for a separate loading step, but
without the attendant waste of prior art methods. Wa-
ter, alcohols, and glycerol are examples of nonsol-
vents useful for polymers dissolved in organic sol-
vents.

Yet another method consists of feeding the poly-
mer solution to the top surface of a spinning disk.
Centripetal acceleration forces the solution to the out-
er rim of the disk, where droplets of solution separate
from the disk and are propelled into an air chamber.
The droplets may fall into a precipitation bath or may
dry in the air chamber without a precipitation bath, as
described above.

The beads produced by the above methods have
total porosities of between 50 and 90%, although low-
er porosities are also possible. Even very small beads
(less than 100 microns in diameter) have porosities in
this range. The microporous structure of the beads is
of an asymmetric nature, as can be seen in FIG. 1.
Very small (typically less than 0.1 micron diameter),
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or no, pores are presentin the thin skin at the surface
of the bead, and these pores increase in size in a con-
tinuous manner toward the interior, where they may
be as large as 25% of the diameter of the bead. As
mentioned, this characteristic continuous gradation in
pore size is achieved through a combination of rapid
initial precipitation of the polymer at the droplet or
evolving bead surface, followed by relatively slow sol-
vent exchange and polymer precipitation in the inter-
ior. This combination of initially rapid and subsequent-
ly slow precipitation steps is achieved through control
of the temperature and composition of the precipita-
tion bath, as well as by the composition and viscosity
of the polymer solution, all as discussed in greater de-
tail above. Generally, cool temperatures are preferred
(less than 25°C), to effect rapid surface precipitation
and slow solvent exchange.

The characteristic continuous gradation in pore
size from very small at the surface to very large at the
core allows the active ingredient to continuously mi-
grate from the interior to the surface pores by capil-
larity, thus maintaining constant contact with the sur-
face. The rate of release of active ingredient from the
beads can only be constant if there is a constant con-
centration of active ingredient (either pure active in-
gredient or a saturated solution) within the bead and
a constant active ingredient-releasing surface area of
release. Release rates of prior art porous beads are
typically not constant, since the portion of the surface
area that releases active ingredient gradually de-
creases with time due to depletion of the active ingre-
dient from the surface, leaving active ingredient only
in the interior pores. The constant rate of release from
the beads of the present invention is achieved in part
due to the maintenance of a constant active ingre-
dient-releasing surface area by continuous migration
of the active ingredient toward the surface. The con-
stant rate of release is also due to the presence of ac-
tive ingredient at unit thermodynamic activity within
the bead, which maintains a constant driving force for
diffusion out of the bead. Different release rates are
achieved by using polymers with different permeabil-
ities, or by varying the bead size and surface poros-
ity.

Active ingredients to be loaded into the beads
may be liquid, solid, or solid in solution. In liquid or sol-
ution form, the active ingredient may be loaded by
submersing dry, empty beads in the liquid consisting
of or containing the active ingredient, and then either
drawing a vacuum on the solution to remove the air
from the beads allowing the liquid to enter, or pressur-
izing the solution to force it into the beads. The beads
can also be loaded by simply soaking them in the ac-
tive ingredient for several hours or days, but vacuum
or pressure loading is preferred. Typically, drawing a
vacuum down to about 1 to 20 mmHg for 10 minutes
to two hours is sufficient to load the beads. Alternate-
ly, drawing and releasing the vacuum during that time
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often increases the loading and/or the rate of loading.
The degree of vacuum and the time to load are both
independent on the active ingredient and the poly-
mer; low-molecular-weight active ingredients that ex-
hibit a low interfacial surface tension with the polymer
load most rapidly. Conversely, active ingredients with
high molecular weights and/or high interfacial surface
tension with the polymer may require greater vacuum
for a longer time. In the typical case of pressurized
loading, pressurizing the liquid to 20-200 psi (1.38-
13.80-105 Pa) for 20 minutes to four hours is sufficient
to fully load the beads.

Solid active ingredients may be loaded into the
beads either as the beads are being made, or after
they are made. In the former case, particles of the ac-
tive ingredient may be dispersed in a solution of poly-
mer and solvent, which is then formed into beads as
described above. In the case of loading solid active in-
gredients into the beads after their preparation, the
solid active ingredient may be dissolved in a solvent
compatible with the polymeric bead to form a solu-
tion, which is then loaded into the beads in the same
way as liquid active ingredients. If high loadings are
desired, the solvent may be evaporated or extracted
from the beads after loading, and then the loading
process repeated with a saturated solution of active
ingredient in solvent. By using a saturated solution,
none of the active ingredient present in the beads af-
ter the first loading is redissolved, and additional ac-
tive ingredient may be loaded into the beads with
each repetition of the loading process.

Active ingredients, the release of which could be
improved by loading into the asymmetric microporous
beads of the present invention, include insect phero-
mones, insect attractants, insecticides, insect growth
regulators, fungicides, herbicides, fertilizers, plant
growth regulators, micronutrients, pharmaceuticals,
antibacterials, deodorants, fragrances, cosmetics,
flavors, food additives, foods such as sugars or amino
acids, oils, lubricating agents, chemical reactants,
catalysts, antiscaling compounds, corrosion inhibi-
tors, water, and the like.

Examples of insect pheromones include gossy-
plure, grandlure, disparlure, muscalure, japonilure,
trimedlure, codlemone, virelure, and periplanone B.

Examples of insecticides include naled, diazinon,
propoxur, fenoxycarb, chlorpyrifos, malathion, methyl
parathion, carbaryl, methomyl, permethrin, fenvaler-
ate, cypermethrin, aldicarb, acephate, carbofuran,
and dichlorvos.

Examples of herbicides include alachlor, buty-
late, propham, chlorpropham, EPTC, lactofen, tebu-
late, triallate, and vernolate.

Combinations of active ingredients can also be
loaded into the beads. For example, beads loaded
with an insecticide combined with an insect phero-
mone may prove especially useful.

In addition to active ingredients, other ingredients
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that protect the active ingredient or impart other use-
ful characteristics may be loaded into the beads. Such
other ingredients include pigments, dyes, antioxi-
dants, antiozonants, ultraviolet-light inhibitors, bac-
teriostatic agents, and the like. Asymmetric micropor-
ous beads loaded with liquid active ingredients often
have specific gravities less than 1 g/cm3, especially
if the loading is high. The specific gravity can be in-
creased to enable stable suspensions in water, for ex-
ample, by using a polymer with a high density, by low-
ering the porosity (and therefore the loading), or by
adding a high-density material to the beads. Metals or
other high-density particles such as inorganic solids
may also be loaded into the beads to increase their
density.

After the beads are loaded with active ingredient,
they also may be coated with a separate nonporous
polymeric coating to further retard release of active
ingredient or to protect the active ingredient during
storage or use. Such coatings may be applied using
any of a variety of conventional coating techniques,
such as spray drying, spray coating, fluidized-bed
coating, or pan coating.

The rate of release of active ingredients from
asymmetric microporous beads is controlled largely
by the rate of diffusion through the relatively dense
"skin" at the surface of each bead. Increasing the
thickness of this skin or reducing its porosity gener-
ally lowers the permeability of an active ingredient
through the skin, and so lowers its release rate. This
can be done either by heating the surface of the
beads to melt the polymer at the surface (but not in
the interior of the bead), or by contacting the bead
surface with solvent that partially dissolves the poly-
mer at the surface (but not in the interior). These
treatments are preferably conducted in a fluidized bed
or other chamber so as to minimize agglomeration.

Example 1

Asymmetric microporous beads made of polysul-
fone were prepared by first dissolving polysulfone in
dimethylformamide at a concentration of 120 g/L,
which yielded a polymer solution having a viscosity of
about 500 cps at 25°C. This polymer solution was
pressurized to approximately 30 psi (2.07- 105 Pa)
and forced through an 18-gauge needle to drip into a
stirred precipitation bath containing 0.5 wt% surfac-
tantin water at 20°C. Beads approximately 2 to 3 mm
in diameter were formed with substantially the struc-
ture shown in FIG. 1. The beads were then dried and
loaded with the insect pheromone gossyplure by sub-
mersing the beads in a flask of gossyplure and draw-
ing a vacuum. The vacuum was alternately drawn and
released three times over a period of about 30 min-
utes, yielding an 86 wt% gossyplure loading of the
beads.
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Example 2

Asymmetric microporous beads made of polysul-
fone were prepared as in Example 1, with the excep-
tion that the polysulfone concentration was 160 g/L,
and the viscosity was about 1200 cps. These beads
were also approximately 2 to 3 mm in diameter. The
beads were dried and then loaded to 81 wt% gossy-
plure as in Example 1, with the exception that the va-
cuum was alternately drawn and released 10 times
over three hours.

Example 3

The polymer solution of Example 1 was sprayed
out of a 23-gauge needle approximately 2 to 3 feet
through the air into substantially the same precipita-
tion bath as in Example 1. The beads formed were ap-
proximately 0.6-1.0 mm in diameter and had an inter-
nal porous structure substantially as shown in FIG. 1.
The beads were dried and loaded to 88 wt% gossy-
plure as in Example 1.

Example 4

Asymmetric microporous beads made of polysul-
fone were prepared and loaded to 74 wt% gossyplure
as in Example 3 with the exception that the polysul-
fone concentration was 160 g/L and the viscosity of
the polymer solution was about 1200 cps. The beads
formed were of the same size and structure as those
of Example 3.

Example 5

Asymmetric microporous beads made of polyvi-
nylidenefluoride (PVDF) were prepared by first dis-
solving PVDF in dimethylformamide at a concentra-
tion of 12.5 wt% which yielded a polymer solution hav-
ing a viscosity of about 1000 cps at 25°C. This solu-
tion was then pressurized to approximately 30 psi
(2.07-10% Pa) and dripped from a 23-gauge needle
into a stirred precipitation bath consisting of 10 wt%
dimethylformamide and 0.1 wt% surfactant in water
at 20°C. Beads approximately 2 to 3 mm in diameter
were formed with substantially the same structure
shown in FIG. 1.

Example 6

Asymmetric microporous PVDF beads having
the same structure as those of Example 5 were pre-
pared as in that Example, with the exception that the
polymer solution also contained 1 wt% Waxoline
black (ICI Chemicals) as a color additive, 0.5 wt%
UOP688 (UOP, Inc.) as an antioxidant, and 0.25 wt%
Tinuvin 328 (Ciba Geigy Corp.) as an ultraviolet light
absorber. The resulting beads were dried and then
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loaded to 60 wt% gossyplure by submersing the
beads in gossyplure and pressurizing the solution at
100 psi (6.9-105 Pa) for one hour.

Example 7

Asymmetric microporous beads made of polyvi-
nylchloride (PVC) were prepared by first dissolving
PVC in heated dimethylformamide at a concentration
of 75 g/L, which yielded a polymer solution having a
viscosity of 900 cps at 45°C. This solution was then
sprayed out of a nozzle into a stirred precipitation
bath containing 15 wt% dimethylformamide and 0.1
wt% surfactant in water at 19°C. The resultant beads
were approximately 900 microns in diameter and had
the structure shown in FIG. 1. The beads were then
dried and pressure-loaded to 81 wt% gossyplure as in
Example 6.

Example 8

Asymmetric microporous beads approximately
1.0 mm in diameter and having substantially the same
structure shown in FIG. 1 were prepared as in Exam-
ple 3. The beads were then dried and pressure-load-
ed to 80 wt% with the organophosphate insecticide
diazinon (dimpylate) as in Example 6.

Example 9

Asymmetric microporous beads approximately 1
mm in diameter and having substantially the same
structure shown in FIG. 1 were prepared as in Exam-
ple 3. The beads were then dried and pressure-load-
ed as in Example 6 to 78 wt% with the pheromone of
the insect Heliothis armigera--a mixture of 95 wt%
cis-11-hexadecenal and 5 wt% cis-9-hexadecenal.

Example 10

Asymmetric microporous beads made of polyur-
ethane were prepared by first dissolving polyur-
ethane (Tuftane 310 polyester-based polyurethane,
Lord Corp.) in dimethylformamide at a concentration
of 20 wt%, which yielded a polymer solution having a
viscosity of about 1200 cps at 25°C. This solution was
then dripped into a precipitation bath consisting of a
solution of 0.1 wt% surfactant in water at 20°C. The
beads formed were approximately 2 to 3 mm in diam-
eter and had substantially the structure shown in FIG.
1. The beads were then pressure-loaded to 82 wt%
with pine oil as in Example 6.

Example 11
Asymmetric microporous cellulose acetate beads

having the same size and structure as those of Exam-
ple 10 were prepared in the same manner as in that
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Example, except that the polymer solution was made
by dissolving cellulose acetate (CA398-10, Eastman
Chemicals) in a mixture of 10 wt% dichloromethane
and 90 wt% dimethylformamide at a concentration of
10 wt%, to yield a polymer solution having a viscosity
of about 800 cps at 25°C. The beads were then pres-
sure-loaded to 79 wt% with pine oil as in Example 6.

Example 12

Asymmetric microporous PVC beads were pre-
pared by first dissolving PVC in heated dimethylfor-
mamide at a concentration of 10 wt%, which yielded
a polymer solution having a viscosity of about 1500
cps at 40°C. This solution was then pressurized to 40
psi (2.76-10° Pa) and sprayed out of a 50-micron di-
ameter nozzle into a precipitation bath containing 0.1
wt% surfactant in water at 20°C. The beads formed
were approximately 200 to 400 microns in diameter
and had the same structure shown in FIG. 1. The
beads were then pressure-loaded to 85 wt% with pine
oil as in Example 6.

Example 13

Asymmetric microporous polysulfone beads from
Example 3 were loaded with the solid insecticide
chlorpyrifos by immersing the beads in a solution of
61.5 wt% chlorpyrifos in xylene. A vacuum was alter-
nately imposed and released for approximately 25
minutes. The beads were then removed from the sol-
ution and were dried overnight. The content of chlor-
pyrifos in the beads after drying was determined to be
55 wt%.

Example 14

Asymmetric microporous beads were prepared
as in Example 1 from a solution of 16 wt% polysulfone
in dimethylformamide that also contained 1.8 wt%
zinc metal powder dispersed in the solution to in-
crease their density.

Example 15

The PVDF beads from Example 5 were placed on
an aluminum foil tray above a butane burner and kept
there until the beads began to turn translucent and
shrink slightly, evidencing a reduced porosity. The
beads were then removed from the heat source, were
cooled, and were loaded with an insect pheromone.

Example 16

The gossyplure-loaded beads of Example 3 were
suspended in a mixture of 5 wt% acrylic latex emul-
sion (available Gelva RA1990 from Monsanto Corp.)
and 0.1 wt% surfactant in water and applied to cotton
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plants in Arizona. The efficacy of the beads in control-
ling pink bollworm in cotton is shown in FIG. 2, meas-
ured by the reduction in trap catch of pink bollworm
moths in the field. As shown, the beads provided at
least 90% reduced trap catch for over 30 days, com-
pared with less than 20 days for a commercial con-
trolled-release product comprising gossyplure-load-
ed hollow fibers ("No-Mate" by Albany International of
Needham Heights, Massachusetts).

Example 17

The diazinon-loaded beads of Example 8 were
stored for several months in a controlled-temperature
chamber at 25°C. The beads were weighed periodi-
cally to determine the quantity of diazinon that had
been released. FIG. 3 shows the cumulative quantity
of the insecticide released from the beads over a per-
iod of 100 days. The release rate was constant over
the entire measured duration of release. The project-
ed duration of release was about four months.

Example 18

The pheromone-loaded beads of Example 9 were
stored and their rate of release of the pheromone was
determined as in Example 17. As shown in FIG. 4, the
rate of release was constant until about 80% of the
pheromone had been released, and the duration of re-
lease was about 20 days.

Example 19

Asymmetric microporous beads containing a sol-
id active ingredient (the drug trimazosin) were pre-
pared as follows. Bead cores consisting of 30 wt% tri-
mazosin and 70 wt% microcrystalline cellulose and
approximately 1 mm in diameter were dispersed in a
solution of 15 wt% cellulose acetate, 33 wt% ethanol,
and 52 wt% acetone. The resulting suspension was
dripped from a pipette into a water bath at room tem-
perature to form beads 2-3 mm in diameter with an
asymmetric microporous structure having one or
more bead cores in the center of each bead. The
beads were collected and dried, and the release of tri-
mazosin from the beads into water was then deter-
mined. The trimazosin was released at a constantrate
for a total of 6 hours, at which time all of the drug had
been released.

The terms and expressions which have been em-
ployed in the foregoing specification are used therein
as terms of description and not of limitation, and there
is no intention, in the use of such terms and expres-
sions, of excluding equivalents of the features shown
and described or portions thereof, it being recognized
that the scope of the invention is defined and limited
only by the claims which follow.
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Claims

1. Adevice for the controlled release of active ingre-
dient comprising a polymeric microporous bead
having active ingredient in the pores thereof,
characterized in that said polymeric microporous
bead has an anisotropic pore structure of large
pores in the interior and small pores near the sur-
face, the gradation of pore sizes between the in-
terior and the surface being continuous.

2. The device of claim 1 wherein said polymeric mi-
croporous bead is made from a polymer selected
from polycarbonates, polysulfones, polyethersul-
fones, polyamides, polyurethanes, acrylicresins,
polyvinylchlorides polyvinylfluoride, polyacrylo-
nitrile, polystyrene, polyolefins, polyvinylide-
nechloride, polyvinylidenefluoride, polyethylene-
terephthalate, polybutyleneterephthalate, cellu-
losic esters, polyimides, polyacetals, polyvinyla-
cetate, polyphenyleneoxide, polyetherimides,
ethylene-vinylalcohols, and derivatives and co-
polymers thereof.

3. The device of claim 1 wherein said active ingre-
dient is selected from pheromones, insect attrac-
tants, insecticides, insect growth regulators, fun-
gicides, herbicides, fertilizers, plant growth regu-
lators, repellents, micronutrients, pharmaceuti-
cals, antibacterials, deodorants, fragrances, cos-
metics, flavors, foods, food additives, oils, lubri-
cating agents, chemical reactants, catalysts, an-
tiscaling compounds, and corrosion inhibitors.

4. The device of claim 3 wherein said active ingre-
dient is a pheromone selected from gossyplure,
grandlure, disparlure, muscalure, japonilure, tri-
medlure, codlemone, virelure, and periplanone B.

5. The device of claim 3 wherein said active ingre-
dient is an insecticide selected from naled, diazi-
non, propoxur, fenoxycarb, chlorpyrifos, mala-
thion, methyl parathion, carbaryl, methomyl,
permethrin, fenvalerate, cypermethrin, aldicarb,
acephate, carbofuran, and dichlorvos.

6. The device of claim 3 wherein said active ingre-
dient is a herbicide selected from alachlor, buty-
late, propham, chlorpropham, EPTC, lactofen, te-
bulate, triallate, and vernolate.

7. The device of claim 3 wherein said active ingre-
dient is the drug trimazosin.

8. The device of claim 1 containing from 50 to 90
wt% active ingredient.

9. The device of claim 1 wherein the shape of the
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device is approximately spherical and the diam-
eter is between 5 microns and 5 mm.

The device of claim 1 wherein the surface of said
polymeric microporous bead is treated by a meth-
od selected from heating and contact with a sol-
vent.

The device of claim 4, 5 or 6, additionally contain-
ing one or more additives selected from antioxi-
dants, pigments, dyes, ultraviolet-light absor-
bents, and inorganic solids.

Patentanspriiche

1.

Vorrichtung fiir die regulierbare Freigabe eines
Wirkstoffs, umfassend ein polymeres mikropord-
ses Kiigelchen, in dessen Poren der Wirkstoff
vorgesehen ist, dadurch gekennzeichnet, dal®
das polymere, mikropordse Kiigelchen eine an-
isotrope Porenstruktur grofRer Poren im Inneren
und kleiner Poren nahe der Oberflache aufweist,
wobei der Gradient der Porengréfen zwischen
dem Inneren und der Oberflache kontinuierlich
verlauft.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daR das polymere mikroporése Kiigel-
chen hergestellt ist aus einem Polymer ausge-
wahlt aus Polykarbonaten, Polysulfonen,
Polyethersulfonen, Polyamiden, Polyuretha-
nen, Acrylharzen, Polyvinylchloriden, Polyvi-
nylfluorid, Polyacrylnitril, Polystyrol, Polyolefi-
nen, Polyvinylidenchlorid, Polyvinylidenfluorid,
Polyethylenterephthalat, Polybutylenterepht-
halat, Zelluloseestern, Polyimiden, Polyacetal-
harzen, Polyvinylacetat, Polyphenylenoxid, Poly-
etherimiden, Ethylen- Vinylalkoholen und deren
Derivaten und Copolymeren.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daR der Wirkstoff ausgewahlt ist aus
Pheromonen, Insektenkddern, Insektiziden, In-
sekten-Wachstumsregulatoren, Fungiziden, Her-
biziden, Diingemitteln, Pflanzen-Wachstumsre-
gulatoren, Repellents, Spurenelementen, Phar-
mazeutika, Antibakteriziden, Deodoranten, Duft-
stoffen, Kosmetika, Geschmacksstoffen, Nah-
rungsmitteln, Nahrungsmittelzusatzstoffen, Olen,
Schmiermitteln, chemischen Reaktanden, Kata-
lysatoren, Kesselstein verhiitenden Komponen-
ten und Korrosionsinhibitoren.

Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dal} der Wirkstoff ein Pheromon ist
ausgewahlt aus Gossyplur, Grandlur, Disparlur,
Muskalur, Japonilur, Trimedlur. Codlemon, Virelur
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und Periplanon B.

Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dal} der Wirkstoff ein Insektizid ist
augewdhlt aus Naled, Diazinon, Propoxur,
Fenoxykarb, Chlorpyrifos, Malathion, Methylpa-
rathion, Carbaryl, Methomyl, Permethrin, Fen-
valerat, Cypermethrin, Aldicarb, Acephat,
Carbofuran und Dichlorvos.

Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dal der Wirkstoff ein Herbizid ist
ausgewadhlt aus Alachlor, Butylat, Propham,
Chlorpropham, EPTC, Lactofen, Tebulat, Triallat
und Vernolat.

Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, daR der Wirkstoff die Droge Trimazosin
ist.

Vorrichtung nach Anspruch 1, gekennzeichnet
durch, durch einen Anteil des Wirkstoffs von
50 - 90 Gew.-%.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dal die Vorrichtung etwa kugelférmig
ausgebildet ist und der Durchmesser zwischen 5
pm und 5 mm betragt.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daR die Oberflache des polymeren mi-
kropordsen Kiigelchens durch ein Verfahren aus-
gewdhlt aus Erwdrmen und Kontakt mit einem
Ldsungsmittel behandelt ist.

Vorrichtung nach Anspruch 4, 5 oder 6, dadurch
gekennzeichnet, dal zusétzlich eine oder meh-
rere Additive enthalten sind ausgewahlt aus Oxi-
dationsinhibitoren, Pigmenten, Farbstoffen, UV-
Licht absorbierenden Stoffen und anorganischen
Feststoffen.

Revendications

Dispositif pour la libération prolongée de principe
actif comprenant une perle micro-poreuse poly-
mérique possédant un principe actif dans les po-
res de celle-ci, caractérisé en ce que ladite perle
micro-poreuse polymérique posséde une struc-
ture de pore anisotropique de grands pores a l'in-
térieur et de petits pores prés de la surface, la
graduation des tailles de pores entre I'intérieur et
la surface étant continue.

Le dispositif selon la revendication 1, dans lequel
ladite perle micro-poreuse polymérique est réali-
sée a partir d’'un polymére choisi parmi les poly-
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carbonates, les polysulfones, les polyéthersulfo-
nes, les polyamides, les polyuréthannes, les ré-
sines acryliques, les chlorures de polyvinyle, le
fluorure de polyvinyle, le polyacrylonitrile, le po-
lystyréne, les polyoléfines, le chlorure de polyvi-
nylidéne, le fluorure de polyvinylidéne, le téré-
phtalate de polyéthyléne, le téréphtalate de poly-
butyléne, les esters cellulosiques, les polyimides,
les polyacétals, l'acétate de polyvinyle, I'oxyde
de polyphényléne, les polyétherimides, les al-
cools éthyléne vinyliques et les dérivés et copo-
lyméres de ceux-ci.

Le dispositif selon la revendication 1, dans lequel
ledit principe actif est choisi parmi les phéromo-
nes, les attracteurs d’insectes, les insecticides,
les régulateurs de croissance d’insectes, les fon-
gicides, les herbicides, les fertilisants, les régula-
teurs de croissance de plantes, les répulsifs, les
micro-nutritifs, les produits pharmaceutiques, les
anti-bactériens, les déodorants, les parfums, les
produits cosmétiques, les agents de saveur, les
produits alimentaires, les additifs alimentaires,
les huiles, les agents de lubrification, les réactifs
chimiques, les catalyseurs, les composés anti-
tartre et les inhibiteurs de corrosion.

Le dispositif selon la revendication 3, dans lequel
ledit principe actif est une phéromone choisie
parmila gossyplure, la grandlure, la disparlure, la
muscalure, la japonilure, la trimédlure, la codlé-
mone, la virelure et la périplanone B.

Le dispositif selon la revendication 3, dans lequel
ledit principe actif est un insecticide choisi parmi
le naled, le diazinon, le propoxure, le fénoxycarb,
le chlorpyrifos, le malathion, le méthyl parathion,
le carbaryle, le méthomyle, le perméthrine, le
fenvalérate, le cyperméthrine, I'aldicarbe, I'acé-
phate, le carbofurane et le dichlorvos.

Le dispositif selon la revendication 3, dans lequel
ledit principe actif est un herbicide choisi parmi
I'alachlore, le butylate, le prophame, le chlorpro-
phame, 'EPTC, le lactoféne, le tébulate, le trial-
late et le vernolate.

Le dispositif selon la revendication 3, dans lequel
ledit principe actif est le médicament trimazosine.

Le dispositif selon la revendication 1 contenant
de 50 a 90 % en poids de principe actif.

Le dispositif selon la revendication 1, dans lequel
la forme du dispositif est approximativement
sphérique et le diamétre est entre 5 pm et 5 mm.

10. Le dispositif selon la revendication 1, dans lequel
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la surface de ladite perle micro-poreuse polymé-
rique est traitée par une méthode choisie parmi
le chauffage et le contact avec un solvant.

Le dispositif selon la revendication 4, 5 ou 6,
contenant de fagon additionnelle un ou plusieurs
additifs choisis parmi les antioxydants, les pig-
ments, les colorants, les absorbants de lumiére
ultraviolette et les solides inorganiques.
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